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XKPROVEMSHTS XM OR RELATING 10 RICTIFIBR CIRCUITS 


Background ef the invention 

This invention nlitM to rectifier circuit*. 
S in the art of semiconductor elactronles, very 

largo scale Integrated (VLSI) circuit* typically require 
power sources of relatively amall positive d.c. voltages, 
In the past typically about ♦$ volta. As tbo Integrated, 
circuit art progresses, even smaller d.c. voltages ara 
10 becoming typical. Xn aany situations, however, the only 
conveniently available power sources are a.c. voltage 
sources, typically having sore than 5 volt peaks. For use 
by an Integrated circuit requiring a power supply of S 
volts d.c, the a.c. voltage can be steppad down by a 
15 conventional transforaer to about S volts peak a.c, and" 
this 5 volt peak a.c. voltage aust then be converted to 5 
volts d.c To this end, a semiconductor rectifier circuit 
can be used, typically a peak detector diode arrangeaent-- 
that is, a pn junction diode feeding a capaeltlve lo«d. 
20 One basic problea In such an arrangement arises from the 
forward junction diode voltage drop (about 0.7 volt or aore 
in silicon) encountered In such a conventional peak 
detector diode arrangement. Thus, for an Input a.c. 
voltage of peak B - 5.0 volts, the output voltage la leaa 
25 than about 4.3 volts, that Is, to the range of about 0.7 ; 
volt to 1.0 volt or sore below E for semiconductor 
junctions In silicon. As a consequence, undesirably large 
power losses result. 
. S»— ry of the Invention 
30 According to this Invention a rectifier circuit 

Includes a power transistor device having a first high 
current carrying terminal serving as a rectifier circuit 
output terminal, a second high current carrying terminal 
serving as a rectifier Input terminal, and a control 
35 terminal for turning the transistor device on and off, and 
a comparator having first and second Input terminals 
connected to the rectifier circuit Input and output 
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20 


25 


ttnioala respectively for supplying a_ control signal to 
the control terminal of the power translator device to tu ^ 
ths device on when the voltage at tba circuit input 
tarminal oxceeda tba voltage at the circuit output termla 
S less a prescribed amount. 
Description of the Drawings 

PIO. 1 la a scbeaatic circuit diagram of a priory 
art rectifier circuit arrangement* -™r:r 
riO. 2 is a schematic circuit diagram of a 
10 rectifier circuit arrangement embodying the invention? and- 
PIG. 3 is a schematic circuit diagram of a 
rectifier circuit arrangement embodying the invention. 
totalled Description 

A prior art approach, as illustrated in PIC. 1# 
15 taught in •improving Power Supply Efficiency with «08Wt'| 
Synchronous Rectifiers,* by R.S. lagan at al, Proceedings 7 ? 
of Powercon 9, Hlnth International Solid-State Power 
Electronics Conference (July 1982), Session D, Paper D-4,rr 
pp. 1-5, at p. 4 , Sections 6.1-6.3. Briefly, a full-wav 
rectifier circuit arrangement JJJ includes a pair of power^ 
MOSPETs (Metal Oxide Semiconductor Pield Effect Transistor 
101 and 102, each hereinafter called a "power PET".' tL 
Secondary transformer windings 111 and 121, energised by If 
primary transformer winding 11, deliver a.c. input to the£ 
power PETs. Each power PET is inherently connected in 
parallel with its Inherent unidirectional current / 
inhibiting diode characteristic (indicated by dotted lines 
in PIG. 1), and each such power PET is connected in a ^ 
conventional diode peak rectifier arrangement with respec£ 
30 to the input supplied to secondary transformer windings 11 
and 121, respectively, and feeds output power to a ~ 
resistive load (not shown) connected in parallel with a . 
capacitive load To reduce the forward diode voltage 
drop, each power PET is turned on periodically by means 
35 a sample (feed-forward) of the a.c. input delivered to 
gate terminal of the PET. More specifically, the gat 
electrode of each power PET is fed input by an auxiliary ^ 
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a.o. voltaW developed by auxiliary eecondary traneformer 
windings 112 and 122, reapectively. Thereby ona of the 
power ma {101 > la tumad on, and la maintained on, only 
in a tUa-naighborhood o£ tha peak of tha a.c. input cycla, 
l.a., only vfaan tha a.o input la at or near ita peak 
(maximum) valuet and tha other of tha power FETa (102) 
turned on, and la maintained on, only in the neighborhood 
of each trough (minimum) of tha a.c. cycla. In thle way,- — 
tha output voltage t orjm7 developed acroaa an output 
load having a capacltira loading daairably doaa not 
auffar froa a full forward diode voltage drop. However, 
tha gate-to-aouree voltage of tha power FBT thua variaa aa 
(B 1 -B 2 )aln(2tft), whara E, and B 2 are tha peak 
voltagoa, reapactively, delivered by the auxiliary 
transformer windings to tha gate and aouree of tha power 
m. where f ia tha frequency of the a.c. input, and t ia 
tha tin. Therefore, aach turning on (and temporary 
reaeinlng on) of the power PET at and near the peak of each 
e.c. cycle, whan aln(2«ft) appcoachea ita maximum value of 
unity, ia not a audden proceaa. but la cbaracterixed by the 
relatively amooth and long transition characteristic of 
(B 1 -B 2 )ain(2»ft) when eln(2»ft) ia approximately equal 
to ♦*. Accordingly, undaalrably large amounta of energy 
arelost in the power FBT during each a.c. cycle because of 
relatively large currenta flowing therethrough (during tha 
alow tranaitlona) during time intervale when aln(2»ft) la 
very nearly equal to *1# l.a., intervale when tha voltage 
drop acroaa the FBT ia not negligible. 

in another approach, taught by S. Kaaben, in a 
paper entitled "FBT Switching Devlcea for powering of 
Telecommunications Circuits," published In Proceedlnga of 
Intelec 81. pp. 250-232, Third International 
Telecoamunicatlona Energy Conference (May 1981), a 
photoealtter (light-emitting diode) controlled the on-off 
condition of a photodetector which, in turn, controll 
on-off condition of a "power PET" arranged in a 
conventional peak rectifier .arrangement, i.e., an 
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arrangement of the power FBT (with its inherant 
unidirectional currant inhibiting diode- characteristic)- ^ 
feeding a capecitive output load. Specifically, the timi 
of the on-off condition of the pbotoemltter was arranged z« 
5 control the timing of the power FET in a ^nner similar to 
the timing discussed above in connection with FIQ. 1. j£ 
Rectifier operation resulted in which voltage and power x 
losses—otherwise caueed by se mi conductor" diode junction, 
forward voltage drops and by slow on-off transitions of t£ 
10 power FBT— could be reduced substantially. However, the^ 
use of the optical control technology (pbotoemitters. and.Jf 
photode tec tore) means that the circuit was a three^termi 
device including ground (one optical terminal and two —r? 
electronic terminals) and entails obvious disadvantages in 
15 coaplezity and coat. 

FIO. 2 ahows a rectifier circuit arrangement -200^', 
(half -wave portion) in accordance with this invention f t~ 
delivering d.c. power to an output circuit terminal 232; 
Including a transistor device 201. This .transistor. devl 
20 201 has one of its high current carrying terminals 222 1* 
connected to the rectifier circuit input teralnal 231 and* 
another of lta high current carrying terminals 223 ^ 
connected to the rectifier circuit output terminal 232. 
a.c. input voltage B 1NpoT «Esin(2wft) is supplied at ^ 


25 the circuit input terminal 231 by secondary transformer 


windings 111. The transistor 201 ia advantageously a powe 
transistor, that is, capable of handling power levels off:*? 
the order of the power delivered to the circuit output 
terminal 232. This transistor 201 typically la a power 

30 having an inherent unidirectional current inhibiting diod 
characteristic indicated by the dotted line therein.' A ~~ 
firat unidirectional current inhibiting semiconductor .1 
junction diode D 1 can be added in parallel with the 
transistor 201 in case this transistor lacks aufficient 

35 forward current handling capacity when it is off. a first; 
capacitor Cj is connected between the first diode D 1 
and ground but it should be understood that thia first * 
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capacitor can be omitted if the output 
capacitance C,, (shown la dotted lines) of the output. -load — _ 
circuit (not shown) U sufficient to smooth out the voltage 
a t the output terminal 232. Thus, the firet _d^e_Dj £ _in _ 
combination with the first capacitor C, (and/or the 
output capacitance Cj,), forms a conventional peak 
detector and even in the absence of the transistor 201 
would supply a d.c. voltage at the circuit output terminal 
232» however, such a d.c. voltage as supplied by the peak 
detector is less than the peak B of the a.c. input by an 
undesirably large amount, that is, by the amount of the 
forward junction drop in the diode D 1 . To reduce this 
undesirably large amount, the transistor device 201 ie 
added together with control circuitry for controlling the 
voltage at the control terminal 221 thereof. 

The on-off condition of the transistor 201 is 
controlled by output from the comparator 203 developed at 
the comparator's output terminal 215 and delivered to the 
control terminal 221 of the transistor 201. The comparator 
203 has a positive input terminal 211 connected to the 
circuit input terminal 231 and a negative input terminal 
212 connected to the circuit output terminal 232. The 
negative input terminal 212 is connected to a voltage level 
shifter 204 which down-shifts the voltage level of the 
negative input terminal 212 by a prescribed amount o for 
comparison with the voltage level of the positive terminal 
211. That is, the output of the comparator 203 at the 
comparator output terminal is relatively high when and only 
when the voltage at the positive input terminal 211 plus 
■ the prescribed amount o exceeds the voltage BoqtpoT mt 
the negative input terminal 212. Thus, the output of the 
comparator shifts from low to high when Esin(2*ft) goes 
higher than (BooTWJT' 10 ' 01 «in(2*ft)+o exceeds 

r . x second junction diode D* and a second 

OUTPUT . 
capacitor (C 2 ) are connected in series across the circuit 

input and output terminals 231 and 232, respectively. 

power for the comparator 203 is supplied at the 


1 


3 

* 
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comparator' ■ powar supply ttralnal 2U from « t»rmlnal_? 
loeatad batvaan tba aaeond junction dloda D* and tba — ~-^L 

second capacitor C 2 « 


Zt should be noted that tha dlodas D, and Dj 


m 


together with tha capacitors Cj and C2 tors a yoltaga^^Hr 
multiplier (doublar) laddar arrangement t ~tho Vbltaf iTaF^ 
the multiplier 'e output terminal 233, and hence at the' 
comparator • a power aupply terminal 214, relative to; v "'.rjr 
ground, la equal to 2B ♦ Bain(2Tft) leaa the aum of th 


10 forward diode voltage drops across D« and Dj, and hence/ 


relative to the circuit input terminal 231 , is «^*1 to_2B^ 
leaa the sun of the forward diode voltage dropa across Da 
and Oj* 

During operation, the unidirectional diode 
character la tic (if any) inherent in the transistor devlc ? T 


201 plus the unidirectional diode characteriatlc of the ~ 
first diode D«, in coabination with Cj + Cg, In a - ~^== 
diode peak detector arrangement, bring the output voltage— 
B OUTP0T at circuit output terminal 232 to a ate ady 


d.c. voltage of E leaa a forward diode junotion voltage 
drop (provided that Ca ♦ is sufficient), typically--;-* 
SaO volte leaa 0.7 volt or more, i.e., typically 4.3 volte 
or less* When the voltsge of Ejajptjj • Bein(2*ft) 
exceeds ^qtpot ~ tfr the trtn>istor d * v ice 201 turns 
on and brings the output voltage * O0T?OT to 
substantially 8-0 • Hence, the tranaiator 201 turns on~wh< 
Bain(2*ft) exceede E-2o. for example, if B » 5.0 volte 
a - 0.1 volt, then B 


ODTPOT 


•4,9 volts instead of the 


4.3 volte or less resulting from the diode peak detecting* 
arrangement alone. By adjuating 0, the output can be* ~ ^ 
correspondingly adjusted* However, the value of a is 
selected to be not too small, lest the time duration of tl* 
on condition of the power PET be too email for delivering 
eufflcient charge to the output terminal, and not too 
lerge, leaf the output voltage be undesirably too much 
lower than B. 

Pig. 3 shows a specific embodiment of the 
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invention, particularly aa to the detaila of a specific 
comparator. Aa shown in FIG* 3, a rectifier circuit 
arrangement 300 (half -wave portion) having a circuit input 
terminal 331 and a circuit output terminal 332, comprieas a 
3 power FET 301 (T^ ) with ita aourca terminal 322 co nnect ed 
to tha circuit input terminal 331, ita drain terminal 323 
connactad to tha circuit output terminal 332, and ita gate 
terminal 321 connactad to an output terminal 313 of a . 
coaparator 303. Tha power FET T1 baa a threshold of about 

10 2.5 volts and inharantly haa a unidirectional currant 

inhibiting diode character la tic (indicated by dotted linee) 
which ahunta the aourca taninal 322 to the drain terminal 
323 of the power FBT (Tj ) • 

The purpoae of the coaparator 303 la to deliver 

15 feedback to the gate of the power FET to control ite on-off 
condition suitably, aa mora fully deacribed below. Tha 
comparator 303 haa a power supply terminal for receiving 
power from an output terminal 333 of a voltage doubler 
arrangement. The voltage doubler comprieea a pair of , 


20 capacitor a C 1 


and C 2 connected 


in a ladder 


configuration to a pair of unidirectional current 
inhibiting diodaa D t and Oj. 

The comparator 303 includes a switching transistor 
T 2 f local tranaistors t 3 and T 4 , and resistors 
25 and I^. The switching transistor T 2 is enhancement 

mode with a ralatively sharp threshold of about 2.5 volts; 
and the tranaistors T 3 and T 4 , connected as load 
devicas (gate shorted to source), are depletion mode with 
source-drain currents in the saturation region (drain- 
30 source voltage above about 3 volts) of about 3 mill i amps 
for sero gate voltages* 

Tha capacitance of C 1 can be supplied by tha 
output load capacitance Itself or by an added 
capacitor element auch that the sum of C, and is 
35 equal to the gate capacitance of the power PET multiplied 
by a factor of about 3 or more for advantageous 
performance. The capacitance of C 2 ± m advantageoualy 


MPI 
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supplied by an «*d«d capacitor element having a capacitance! 
of at least 5 tin** that o£ the gate capacttanoa o£ the ^| 
power FIT. Tha dioda D, la in parallal with tha inherent^! 
diode charactariatic (dot tad Una) of tha power BET. Thus,! 
S tha dioda D 1 ia not neceeaarily praaant in tha circuit 
300 aa a aaparata element but is ordinarily auppliad by thi 
lnharant dioda charactariatic of tha power rBT. However, 
in caaa a power translator lacking auch a dioda 
charactariatic ia uaad inataad of tha povar KT, than an 

10 addad dioda element D 1 ia advantageoualy to ba addad aa a 
aaparata element. 

It ahould ba notad that tha circuit output 
terminal ia fad currant both by tha lnharant dioda of tha 
povar FST and tha source-drain path power PBT ltaelf if and 

IS when it la on, aa well as by the diode 0,. Thus, the 
voltage B^jyp^ at the circuit output terminal 332 is 
maintained not only by the power BET but alao by the diod*_| 

fl- 
ouring operation, as more fully, explained below, 

20 the transistor T 2 ia off vhan and only when the 

instantaneous value of the a.c. voltage at the circuit ~| 

input terminal 331 la at or near Its peak, that ia, when _| 

B INPUT " *« in < 2ir <t> ia equal to or In exceea of 

Z~~~*mTi9 wd the switching transistor T 2 ia 
OUTPUT * _ _ - 

25 otherwise on. Thus, whenever the instantaneous value of 

the a.c. input voltage Bain(2*ft) at the circuit input 

terminal 331 is at or near its peak value and hence T 2 it 

off, then the voltage of the gate electrode terminal 321 

the power PET la driven by transistor load T 3 (acting as 

30 a current source) to the voltage of terminal 333, i.e., to^ 
the voltage 2B plus the voltage at circuit input terminal^ 
331 leaa the relatively small voltage drop acroaa 0 2 and ;J 
accordingly the power PET Is then strongly on, since its 
gate voltage then exceeds its source voltage by almost 2B, 

35 i.e., almost about 10 volts (much more than the threahold A 
of the power FET) • On the other hand, whenever the a.c. 
input voltage is not at or near its peak value, the _ 
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•witching transistor t 2 i* on, as explained more 
fully bslow, and hsncs the gate voltage of the pover FBT is 
thsn damped by T 2 to a value below thrsshold of the 
power FBT, more specifically, ssssntially to ths vol tags at 
ths circuit input terminal 331 and bancs to ths vol tags at 
ths sourcs terminal 322 of ths povsr PR 301. Thus ths 
power PET is off whsn ths a.c. input vol tags is not at or 
nsar its peak* By •ssssntially - hsrs is meant si eluding 
ths rslativsly nail voltags drop across ths rssistor Rj 
equal to the currant through ths load T 3 multiplied by 
R^. for a rssittancs of R2 squsl to typically about 
200 ohms or less* this voltags drop across R 2 *• thus 
squal' to about 0.6 volt or lsss, and this nonvanlshing 
resistance reduces ths voltags excursion of the gate of the 
pover FBT during each a.c. cycle and bancs rsducss the 
pover loss in the gate circuit of the power FBT. Xf such 
power loss is unimportant; Rj can bs mads squal to xsro. 
In any event,, the drop across R2 should bs small snough 
to keep the power FBT off when T 2 i« on. 

During operation, the switching transistor T 2 
turns off (and bancs the power FBT T 1 turns on) at a tins 
tj whsn the voltage at the gate of T 2 (end hence the 
voltage at terminal 316 of rssistor R t ) attains a valus 
which is squal to ths in»c«ntansous a c input voltags, 
Bfgpgf • Bsin(2vft|) plus a thrsshold voltags V T 
of T 2 # l.s., whsn ths voltags at terminal 316 attains 
BslnUvftj) ♦ V T . On the other hand, the voltage at 


terminal 316 is equal to B- 


+ iR, 


i is 


"OUTPUT T * A 1 ' Whtre - 
ths currsnt supplisd by ths load T^ . Since ths output 

voltags itself is equal to E-c, it follows 

that the switching transistor T 2 turns off at a time t 1 

whsn Bsin(2vftf) ♦ Vj • B - o ♦ iR 1 , i.s., at a time 

tj when: 


35 


BsinUtft,) - B - 9 ♦ iR, - V T (1) 
Likewise, as ths a.c. input voltags subsequsntly 
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daertuu from its peak E, the witching translator *2-~~ 4 
turns on at a time 4 when tha a.c. Input voltage falls ^ 
(from tha paak) to this saaa value of *xHFOT' i.e., at 
a subsaquant tiat t 2 vhan ein(2«ft 2 ) ■ sinUvftj). 
S Accordingly* ^^P^ ba substantially equal to 
E-0 provided tha capacitance ♦ C 1 is sufficient to 
maintain the voltage at the output terminal 332 at ^ 
aubatantially this saaa value during the remainder. of th«^ 
a.c. cycle when T 2 is on and hence the power PR is off 

10 Thus, setting BslnUtft,) substantially equal to B~2* in J 
Equation (1)# it follows that lR t U equal to (V,-*). 
. Xn an illustrative case, the current 1, supplied by the 1 
T 4 is equal to about 3 mill lamps, and the threshold V T 
of switching transistor T 2 is equal to about 2*5 volts, 

15 so that if R 1 la aet equal to about. 800 ohms, then a is - 
about 0.1 volt. 

Accordingly # the comparator 303 acta as 
an ordinary comparator which delivera a high level output^ 
(a voltage equal to approximately 2E above the ^ 

20 instantaneous a.c. input) when the input (* INPUT > 

delivered to one of its input terminals (311) exceeds th. 

_ input (E). delivered to another of ita input terminals (31 
less the prescribed amount 9, and which delivera a low 
level output (essentially aqual to the instantaneous a.c$ 

25 input) otherwise. Xn other words, the comparator 303 
includes s level shifting property at its negative input 
terminal 312, to wit, a voltage level down-shift of 0. 
This down-shift property is thus incorporated in the 
comparator 203 of FIG. 2 as the voltage level shifter" 204. 

30 Xn any event, this level shifter 204 should be selected" to 
down-shift the voltage applied to the input terminal 212 
the comparator 203 by a (small) prescribed amount, such 
that the comparator 203 delivers its high level output atr 
ita output terminal 215 to the gate electrode terminal 2a 

35 of the power PET 201 when and only when the input voltage 
to the input terminal 211 of the comparator 203 exceeda 
peak of the a.c. input voltage delivered at the circuit 
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input terminal 231 leae the (email) preeeribed amount o. 
Typically the preeeribed amount is about 0*1 volt for a 
5 volt paak I of an a.c. input voltaga applied at tha 
circuit input terminal 231. 
S Zt ahould ba noted that even though tha approach 

of t XHF0T to ita paak B ia relatively alow in tiaa 
bacauaa of ita approach to a maximum, nevertheless tha 
turning off of tha witching tranaiator T 2 * as 
*imut r " cht * B u " tt# («*U> praacribad amount a, 

10 la a well-defined auddan process. Tha auddannaaa of tha 
procaaa raaulta from tha vall-dafinad threshold of 
tranaiator T 2 . - Thua tha tranaiator T 2 advantageously 
haa a relatively aharp threshold, that is, tha eource-drain 
impedance of T 2 haa a relatively steep characteristic aa 

15 plotted agaiaat ita gate- to- source voltaga. 

It ahould ba recognised that the rectifier circuit 

arrangements 200 and 300 are half -wave rectif iera and that, 

for full-wave rectification, and hence still smoother 

r^.Lma* a pair of each of euch circuits ahould be 
OUTPUT *■ 

20 connected in a conventional full-wave rectifier 
configuration. 

Although the invention haa been described in 
detail in terms of a apeclfic embodiment, varloua 
modifications can be made. 

25 For example, inatead of the power rET, other 

avltching transistors with suitable power handling 
capability and suitable threshold can be used. Moreover, 
instead of a voltage doubler (Dj , D 2 # C 1f C 2 ), a 
voltage tripler or other source can ba used. Finally, 

30 inatead of a level down-shifter at tha negative input 
terminal of the comparator, a level up-ahifter at ita 
positive input terminal can be used. 
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Claims 

1. A rectifier circuit including • power 
transistor device (201) having a flrat high current 
carrying terainal (223) serving aa a rectifier circuit | 

5 output terminal, a second high current carrying terminal 2 
(222) serving aa a rectifier circuit input terminal, and a.; 
control terainal for turning the tranaistor device on and A 
off, and characterised by a comparator (203) having first - 
and second input terainale (211, 212) connected to the -~ 

10 rectifier circuit input and output terminals respectively * 
for supplying a control signal to the control terainal of i 
the power transistor device to turn the device on when th \ 
voltage at the circuit input terainal exceeds the voltage 1 
at the circuit output terainal less a prescribed amount. * 

1S 2. A circuit as clalaed In claia ^characterised* 

In that the coaparator includes level shifting means (204)* 
for shifting the voltage level applied to one of the 4 
coaparator input terminals by the presecribed amount. 

3. A circuit as claimed in claim 2 characterised',' 
20 in that the level abifting means serves to down-shift th 4 

voltage level applied to the second coaparator input 
terminal. - - --: 

4. A circuit as claimed in claia 2 characterised! 
by a voltage multiplier (Dj, D 2 » C 1 , C 2 > connected ■-••-|| 

25 between the circuit input terminal and a power aupply ? 
terminal (214) of the comparator. ~ 

5. A circuit as claimed in claim 4 character ised_ 
in that the multiplier Includes a first capacitor (C,), -r 
and first unldlrectlonally conductive means (D 1 ) 

30 connected between the circuit input terminal and a first 
terminal of the first capacitor. * 

6. A circuit as claimed in claim S characterised 
in that the first terminal of the first capacitor is V 
connected to the circuit output terainal (232). *' 

35 7. A circuit as claimed in claia 6 characterised' 

by a second capacitor (C 2 ) connected between the circuit 
input terainal and the comparator power supply, terminal. 
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«nd second unidirectionally conductive aean* (0 2 ) 
connected between the circuit output terminal and the 
comparator power supply terminal. 

8. A circuit as clalaed in any preceding clat 
5 characterised in that the transistor device is a power 
FBT. 
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